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PURPOSE AND METHOD OF ANALYSIS

The purpose of this calculation package is to demonstrate that the proposed “slimes
drain system” will dewater the tailings at the site within a reasonable time.

Fluid flow rate in porous media will be evaluated using Darcy’s law.

ASSUMPTIONS

e This project involves the construction of a 42 acre double lined tailings cell (Cell
4A) that is approximately 42 feet deep at its deepest point and 26 feet deep at the
shallowest point with an average depth of 34 feet. The liquids level in the cell
will be kept a minimum of 3 feet below the top of the berm (free-board).
Therefore, the maximum depth of liquid in the cell will be 39 feet at the start of
dewatering.

e The cell will be filled with -28 mesh (US No. 30 sieve) tailings, largely
consisting of fine sands and silts, with some clay. Results of grinding test sieve
analyses, which are reported based on Tyler Mesh sieve sizes, are presented in
Table 1. The grinding test data report is presented in Attachment A. Sieve to
Tyler Mesh conversions are presented in Attachment B.

o The tailings will be placed within the cell in a slurry form under the surface of
the free liquid contained within the cell. This placement methodology is
anticipated to result in a low density (no compaction) soil structure. Therefore,
saturated hydraulic conductivity and total porosity are anticipated to be higher
than similar soils that are compacted.

e Based on the grinding report (Attachment A), tailings are comprised of
approximately 6% medium sand, 49% fine sand, and 45% silt and clay size
particles (Table 1).

e Based on the gradation of the tailings (Table 1) from the grinding report
(Attachment A), the tailings would be classified as silty sand (SM) by the unified
soil classification system (USCS). According to the Hydrologic Evaluation of
Landfill Performance (HELP) Model Engineering Documentation (Attachment
C), low density SM soils would exhibit saturated hydraulic conductivities of
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between 1.7x10° cm/sec and 5.2x10™ cm/sec and low density silt (ML) and
sandy clay (SC) would exhibit saturated hydraulic conductivities of between
3.7x10™ cm/sec and 1.2x10™ cm/sec. The geomean of these two groups of soils,
which are gradationally similar to the tailings, is 4.74x10* cm/sec (Table 2).
According to Cedergren (Attachment D), under a normal stress of 2 tons per
square foot (approximate normal stress on deeper tailings in the cell), medium
sand, fine sand, silt, and silty clay would exhibit a saturated hydraulic
conductivities of approximately 2x107 cm/sec, 1x1072 cm/sec, 1x10™ cm/sec
5x107 cm/sec, respectively. The geomean of these three soil types, where are
gradationally similar to the tailings, is 3.31x10™ cm/sec. The more conservative,
lower hydraulic conductivity of 3.31x1 0 cm/sec, will be used in this analysis.

e Based on the gradation of the tailings from the grinding report, the tailings
would be classified as silty sand (SM) by the unified soil classification system
(USCS).  According to the HELP Model Engineering Documentation
(Attachment C), low density SM soils would exhibit drainable porosity of
between 0.251 and 0.332 and low density silt (ML) and sandy clay (SC) would
exhibit drainable porosity of between 0.154 and 0.231. The average of these two
groups of soils, which are gradationally similar to the tailings, is 0.253 (Table 2).
According to the HELP Model Engineering Documentation, medium sand, fine
sand, silt, and silty clay would exhibit drainable porosity values of 0.35, 0.29,
0.14, and 0.11, respectively. The average of these three soil types, where are
gradationally similar to the tailings, is 0.22. Since the average drainable porosity
of 0.22 corresponds to the lower hydraulic conductivity (higher density, lower
permeability, lower porosity) selected above, this value will be used in this
analysis.

e The permeability of the tailings is isotropic.
e Darcy’s law will be used to compute groundwater flow velocities.

e The proposed slimes drain system will consist of a series of strip drains
(geotextile wrapped HDPE core, 1” thick, 12” wide, with a transmissivity of
29 (gal/min/ft), which connect to a perforated 4” diameter PVC header pipe that
is bedded in drainage aggregate and wrapped in a woven geotextile. The PVC
pipe will convey the liquid to the sump for removal.
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e The slimes drain spacing will be 50’ and will be continuous across the base of
the cell (Figure 1).

CALCULATIONS

The flow geometry for the average depth of liquid within the cell is illustrated on Figure
2 and used to compute the emptying time for the proposed slimes drain system.

Calculate the flow into a unit length of strip drain for the various hydraulic gradient
conditions.

At the start of cell dewatering, the maximum depth of liquid will vary between 23 feet at
the shallow end and 39 feet at the deep end, with an average depth of approximately 31
feet. As the water level drops within the cell, the length of the longest flow path and the
associated hydraulic gradient will continually change with time.

The total volume to be drained by a unit length of strip, O, can be calculated using
Darcy’s law as follows:

Q=FkiA
where:

k = hydraulic conductivity of tailings = 3.3 1x10™* cm/sec = 6.51x10™ ft/min

dh 31
i = gradient along flowpath = — = ——=0.78 see Figure 2
g g flowp 7393 ( gure 2)
A = area of strip drain where flow will pass =1.17 2/t (see Figure 3)

0 =(651x10~ -1 50.78)1.17 %)
min
3
=35.94x10"" —x 7. a =444x10 m
Q=594 1o4ﬁ, 7.48 gal/ft’ = 4.44x10 gp
min

For each one foot incremental drop in fluid elevation within the cell, the total volume to
be drained by a unit length of strip drain is as follows:

V =1 ft unit length x 1ft depth x 50 ft width x .022 (drainable porosity) = 11 CF of free
liquid
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Therefore, the time to drain the first one foot of liquid within the cell can be estimated
as follows:

t=V/Q=11 CF/5.94x10* CF/min = 18,519 minutes = 12.86 days

Tables 3, 4, and 5 depict the calculations for the maximum (39 feet), average (31 feet),
and minimum (23 feet) cell liquid depth, respectively. The results of the maximum
depth calculations indicate that the proposed slimes drain system will allow the tailings
contained in Cell 4A to drain within approximately 5.5 years.

Calculate the design flow rate of the strip drains.

For this calculation we will assume that the strip drains have a flow rate of 29 gallon per
minute per foot (Attachment E, GDE Multi-Flow, 2006), a width of 12" and that flow is
occurring under a gradient of 0.01.

Design Flow rate of strip drains:
q=0i

where:

q = flowrate per unit width

i=—d—]z=0.01
dl

® = transmissivity = 29 gpm/ft

To account for detrimental effects on the geonet such as chemical clogging,
biological clogging, installation defects, and creep, partial factors of safety were used to
reduce the strip drain transmissivity. Using recommended partial factor of safety values
from Koerner (1999) (Attachment F, 2/4), the reduced transmissivity is calculated as
follows:

1

Ol ]

® =
alow FSyy % FSp X FSqp % FSy,
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where:

® 0w = allowable flow

© uitimate = calculated value of flow

FS = factor of safety for installation, 1.5 (CQA performed during installation)
FScr = factor of safety for creep, 2.0

FScc = factor of safety for chemical clogging, 2.0

FSgc = factor of safety for biological clogging, 1.0 (low pH precludes biological
activity)

The factors of safety are used to calculate the allowable transmissivity:

® g &P ! 1=4.835827

2 .
allow fi 1.5%2.0x2.0x1.0 ft

Using this transmissivity value, the average factor of safety for flow in the strip
composite is estimated to be as follows:

FS = & = _4.83 gpm_ =1,087 (Acceptable)
0, 0.0044 gpm

The average allowable flow rate is much larger than the average maximum flow rate,
even with the built-in partial factors of safety. Furthermore, as indicated on Tables 3, 4,
and 5, the calculated flow rate within the strip drain decreases with time, which further
increases the factor of safety.

Calculate the minimum required AOS and permittivity for filtration geotextile
component of strip drain

The geotextile serves as a filter between the strip composite core and the tailings
material. The geotextile minimizes fine particles of the tailings material from migrating
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into the strip composite, yet allows water to penetrate. Migration of fine particles would
have the adverse effect of decreasing the transmissivity of the strip composite layer.

To be conservative in these calculations, the tailings material soil is assumed to consist
of more than 20 percent clay.

The retention requirements for geotextiles can be evaluated using the chart entitled “Soil
Retention Criteria for Steady-State Flow Conditions” developed by Luettich et al.,
(1991) (Attachment G, 1/3). This chart uses soil properties to evaluate the required
apparent opening size (AOS or Oys) of the geotextile. Using the Soil Retention Chart,
the AOS of the filter fabrics shall be:

Ogs < 0.21 mm, which corresponds to sieve No. 70.

The permeability of the filter fabric must be evaluated to allow flow through the filter
fabric. The following equation can be used to evaluate the minimum allowable
geotextile permeability:

kg > 15 kg (Luettich et al. (1991), Att. G, 2/3)

where: k, = permeability of geotextile (cm/s)
is = hydraulic gradient (dimensionless)
ks = permeability of the tailings material (cm/s)

Hydraulic Gradient, i. Attachment G, page 3/3 from Luettich et al. (1991) lists typical
hydraulic gradients for various geotextile drainage applications. In this attachment, a

hydraulic gradient of 10 for liquid impoundment applications is recommended.

Soil Permeability, ks: A permeability of 3.31 x 10" cm/s was assumed for the tailings
material, as previously defined.

Therefore,

ke>  isks = (10)(3.31x10™* cm/s)
kg> 3.31x10cm/s

Koerner (1999) suggests applying partial factors of safety to the ultimate flow capacity
of the geotextile to account for clogging of the geotextile. Using recommendations
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given in Table 2.12 on p. 150 of Koerner (1999) (Attachment F, 1/4), the following
partial safety values were applied:

soil clogging and blinding: 10 (5-10)

creep reduction of voids: 2.0(1.5-2.0)
intrusion into voids: 1.2(1.0-1.2)
chemical clogging: 1.5(1.2-1.5)

biological clogging (low pH precludes biological activity): 1.0 (2 - 10)

Therefore,
ks> (3.31x 107)(10)(2)(1.2)(1.5)(1)
ks>  0.12cm/s

The thickness of a typical nonwoven needled punched 4 oz/yd2 (135 g/mz) geotextile is
approximately 40 mils (0.10 cm), see Attachment H. Dividing the permeability by the
thickness of the geotextile results in a required minimum permittivity of 1.2 sec”. The
geotextile used in this project has a permittivity of 2.0 sec”!, which is greater than the
required permittivity.

Check Pipe Flow Rate

Based on calculations from previous sections, the maximum daily flow rate to the sump
is estimated to be 132 gpm (0.29 cfs) (Table 3). The capacity of the pipe is calculated
based on Manning’s equation for gravity flow as follows:

_ 1.486
n

0 RS A =035 fs

Where
n=10.010 (Koerner (1999), Attachment E, 4/4)
S = Slope of liner (ft/ft) = 1.0 %
Ry = hydraulic radius, ft
Q = flow rate, cubic feet per second, cfs
A = flow area, sf

Assuming 4-inch pipe:

A =nD%4=12.6 sq. inches = 0.088 sf
Ry, = Area (1 D*/4)/Wetted Perimeter (n D)
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=D/4=1in=0.083 ft

0- 33?300834001/20088# 0.28 ¢fs =112 gpm

Since 112 gpm is less than the maximum required 132 gpm, this calculation shows that
the 4-inch diameter slimes drain pipe is the limiting factor for dewatering the tailings in
the early phase of dewatering (high flow rates). However, it does not mean that the pipe
will be unable to handle this flow, but rather the pipe will require additional time to
drain. The additional time needed is computed in the following section.

Effect of Maximum Pipe Capacity on Drainage Time

The maximum capacity of the pipe is 112 gpm, as computed above. Assuming the cell’s
total lateral length of strip drain is 27,550 feet, the flow rate, per foot of strip drain is
calculated to be:

112 gallon , 60min , 24 hr 1/ 1 07 ft

*

Flow Rate = :
min lhr  lday 7.48 gallon 27,550 feet day

The time needed to de-water first layer is:

v 22) fP

Time:D — ol;:me :(50x1x1x0 2)3ft —14.1 days
rain length x flow rate 1ﬁ><0.78—t—
day

The difference between the maximum daily flow rate drainage time and the maximum
daily flow the pipe is able to deliver for the first foot is:

14.1 day — 11.93 day (first row of Table 3) = 2.17 days.

Therefore, the first layer will require an additional 2.17 days to drain. The calculation is
repeated until the pipe’s allowable flow capacity of 112 gpm is equal to the maximum
flow rate from the cell (Table 3). The additional drainage time needed for each layer is
added to the original drainage time of 5.5 years. The results of this analysis are shown
in Table 3.
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The total additional drainage time occurs over the first 9 layers and adds 11 days (0.03
years) to the computed drainage time. Including the effects of the maximum pipe
capacity, the cell will take an estimated 5.5 years to drain.

Effect of Precipitation on Drainage Time

To account for the effect of precipitation added to the tailings cell, the HELP Model was
used to estimate the average annual leakage through a 3 foot thick (tailings above the
liquid) layer of silty sand material (Attachment I). HELP Model default parameters
were used along with a maximum 16 inch evaporative zone (conservative for dry
climate) and weather data from Grand Junction, Colorado. The model was performed
for a 10 year period and included precipitation events ranging from 5.83 to 10.36 inches
per year.

The results of this analysis suggest that a maximum average annual percolation through
the 3 foot soil layer above the liquid will be approximately 12 ft? per acre or 504 ft?
(3,770 gal.) for the entire Cell 4A area.

The average flow rate during Cell 4A dewatering, as calculated from Table 3 is equal to
71 gpm (102,240 gallon/day).

The time required to drain the additional volume of precipitation in the tailing is
computed using the following equation:
Volume 3,770 gal
FlowRate 102,240 gal
day

Time = =0.04 days

The additional time that the pond will require to empty due to precipitation is
insignificant.

Therefore, the estimated time to dewater Cell 4A will be 5.5 years (baseline) + 0.03
years (pipe limitations) + 0 years (precipitation) = 5.5 years.
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Table 2
Tailings Parameters

Soll Permeability'™ | Drainable Porosity®
(cm/sec) (vol.lvol.)
med sand 2.00E-02 0.35
fine sand 1.00E-02 0.29
silt 1.00E-04 0.14
silty clay 6.00E-07 0.11
average 7.53E-03 0.22
geomean 3.31E-04 0.20
Soll Permeability® | Drainable Porosity®®
(cm/sec) (vol.lvol.)
SM (LS) 1.70E-03 0.332
SM (LFS) 1.00E-03 0.326
SM (SL) 7.20E-04 0.263
SM (FSL) 5.20E-04 0.251
ML (L) 3.70E-04 0.231
ML (SiL) 1.90E-04 0.217
SC (SCL) 1.20E-04 0.154
average 6.60E-04 0.253
geomean 4.74E-04 0.246

Notes:

(1) Source - "Seepage, Drainage, and Flow Nets", Cedergren, H. R,
1989.

(2) Source - The Hydrologic Evaluation of Landfill Performance
(HELP) Model, Version 3, EPA, 1994 - Figure 2 - Soil texture vs.
Moisture Retention.

(3) Source - The Hydrologic Evaluation of Landfill Performance
(HELP) Model, Version 3, EPA, 1994 - Table 1 - Low Density Soil
Characteristics.
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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE Al

EXHIBIT 1

SAMPLE DESCRIPTION AND PREPARATION

Sponsor's Designation of

Sample:

Date Received at Institute:

Sample Weight:
Sample Container:

Sample Description:

Method of Preparation:

CSMRI Sample 1

Run-of-mine,
June 5, 1978.
100,520 1b.

Two truckloads,

Mine ore -~ estimate 5% +10-in, material,
Largest boulder -~ 48 in, x 24 in. x 14 in,
Only two or three rocks were greater than
36 in.

All +10~-in, material broken to -10 in, by sledge-
hammer and jackhammer. The sample was
screened at 6 in, and 1-1/2 in, with the 46 in.
fraction, put in barrels, and the -1/2 in, frac-
tion piled. The -6 in, +1-1/2 in. material was
screened at 4 in, and 1-1/2 in. with the -6 in,
+4 in, and -4 in, +1-1/2 in, fractions barreled,
The additional -1-1/2 in, fraction was piled
with the previous -1-1/2 in. fraction. A screen
size analysis of the entire quantity of mill feed
material is presented in Exhibit 3. A summary
screen size analysis of the ore is as follows:

Screen Product Weight
in, %o

Head (calculated) 100,00

-10 +6 2.92

"6 +4 9.48

-4 +1-1/2 15.30

-1-1/2 72.30

Ay{,@&#{ MENT 4 , %4



COLORADO SCHOOL OF MINES RESEARCH INSTITUTE

Sponsor's Desgignation of
Sample:

Date Received at Institute:
Sample Weight:
Sample Container:

Sample Description:

Method of Preparation:

EXHIBIT 1

CSMRI Sample 2

Crushed ore.
June 5, 1978,
47,380 1b,

One truckload.,

Ore previously crushed to -3 in,, maximum
particles approximately 2-1/2 in,

The ore was used as received,
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COLORADO SCHOOL

Grinding Test 1 -- continued

OF MINES RESEARCH INSTITUTE A4

EXHIBIT 2

Procedure: Sample was wet screened on a 325M screen, products dried,
and the +325M material dry screened using a Ro-Tap for 30

min,

Test Product

Screen Size Analysis
DSM Screen :
Undersize

Sample Time:. 1415
Sample Weight, g: 4,630.5
Screen Product Weight US Seve
(Tyler) Mesh % —
Head (calculated) 100.0
+28 1.2
-28 +35 3.4
-35 +65 16.2
-65 +100 14,0
-100 +200 18.6
-200 +325 7.1
-325 39.5
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Sediment Description Page 1 of 10

Sediment Description and Classification Background

U.S. Standard Sieves

Note that the same size mesh can be a differing sieve number depending on the Sieve manufacturer
(Tyler vs. ASTM)

?ﬁfﬁfn'if TYLER | ASTM-E11 | BS-410 || DIN-4188
| um || Mesh || No. “ Mesh ” mm I
| |
| 5 | 2500 | | 2500 | 0.005 |
| 10 | 1250 | | 1250 || o0.010 |
| 15 | 800 | | 800 || o0.015 |
[ 20 || 625 | | 625 || 0.020 |
L2 | | | | 0022 |
| 25 | s00 | | s00 || o0.025 |
| 28 | | | | 0028 |
IEP | | L 0032 |
IE | | L0036 |
| 38 I 400 | 400 | 400 || |
[ 40 | | | 0040 |
| 45 | 325 | 325 | 350 | 0.045 |
HEE | | | 0.050 |
[ 53 [ 270 || 270 | 300 | |
L6 | | | |__00s56 |
| 63 I 250 || 230 || 240 || 0063 |
L 71| | | L0071 |
| 75 | 200 | 200 | 200 | |
L s | | | |_0.080 |
l 90 | 170 | 170 | 170 || 0.09 |
L 100 | | | 0100 |
[ 106 | 150 | 140 | 150 || |
L 12 | | | | o112 |
| 125 || 115 | 120 | 120 || 0125 |
L 140 | I | o140 |
| 150 | 100 | 100 | 100 | |
| I I I I |

}
ﬂffﬁcmyﬂff g; /{o
http://www.geology.sdsu.edu/classes/geol552/seddescription.htm 5/12/2007



Sediment Description

| 160 | | | L o160 |
| 180 || 80 | g0 || 8 || o180 |
200 | I | 0200 |
[ 212 ] 65 I 70 | 72 | |
| 250 || 60 | 60 | 60 || 0250 |
280 | | | | 0280 |
[ 300 | 48 | so ]| s2 | |
L 315 | | | L 0315 |
| 355 | 42 | 45 | 44 || 0355 |
L 400 | | [ |__0400 |
[ 45 ] 35 ] 40 | 36 | |
| 450 | I | | 0450 |
[ s00 || 32 | 35 | 30 || 0500 |
L 560 | | | L 0560 |
[ 600 | 28 J 30 | 25 | |
| 630 | | L | 0630 |
| 710 || 24 | 25 I 22 | o710 |
L 800 | | | L0800 |
[ 850 ] 20 J 20 | 18 | |
L 900 | | | | 0900 |
| 1000 || 16 | 18 | 16 || 10 |
| 1120 | I | L 112 |
[ 110 |[ 14 | 16 I 14 | |
| 1250 | | | | 125 |
| 1400 | 12 | 14 | 12 || 14 |
L 1600 | [ | L 16 |
| 1700 || 10 | 12 I 10 | |
| 1800 || | | 18 |
| 200 | 9 | 10 | 8 || 20 |
| 2240 | | | L 224 |
| 2360 | 8 | 8 L7 | |
| 2500 | | | 25 |
| 2800 || 7 | 7 Il 6 | 28 |
| 3150 | | | L 315 |
L 03350 | 6 | 6 | s | |
| 3550 | | | | 355 |
[ 4000 || 5 | 5 I 4 | 40 |
| 4500 || | [ L 45 |

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm
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Sediment Description

[ 4750 [ 4 | 4 | 35 | |
[ 5000 | | [ 50 |
Sediment Classification based on Grain Size:
Unified Soil Classification System (USCS)
lSediment Name ”Diameter (mm) ||Sieve No.
|Cobble | greater than 75 mm I
|Gravel Jl 4.75 to 75 mm | 4
Sand | 0.075t04.75 mm | 200

|Fines (silt and clay)

less than 0.075 mm

USCS Division of Sands
Sediment Diameter Range  ||Passes through Sieve|[Retained on Sieve
Name (mm) No. No.
[Coarse Sand || 2.0-48 | 4 | 10
[Medium Sand||  043-20 || 10 | 40
[Fine Sand || 0.075-043 || 40 | 200

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm
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Sediment Description

Page 4 of 10

Number 4

Number 10

Number 200

Figure 4-3. Dry sieve analysis.

USCS Classification System

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm 5/12/2007
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Page 5 of 10

UNIFIED SCOIL CLASSIFICATION SYSTEM

GROUP
. e Loy L4 ) r > .T
MAJOR DIVISIONS SYMBOL S DESCRIPTIONS
“’mg Well Graded Gravels,
= C Lray G Gravel - Sond MixTures
@ 88 biean bravels GW Litile or ro Fires
d ye . ;
Sl S| Little o Poor Iy Groded Gravels,
- 1 5 o< ro Fines) oGP Gravel - Sand Mixtures,
Vop g ghw Little or no Fires
= = Txa
ot .
WA 1@ 555 | Grovels with GM >iity Gravels,
Zc £22 Fines - Grave!-Sond-Si 1t Mixtures
QG i B
%] e
@ .
o Q9 Appreciabple - Cle o I
] L o 4 Clayey Gravels
@% g& Fines) GC Gravel-Sand-Clay Mixtures
=g
e ¢ X Well Groaasa Sanqs,
5 vy ] 5 Gravel iy Sands
W = Clean Sanas LiTTle of no Fifes
U S ,ﬁt; . -
= U8z iLittie or Paor |y Graded Saods,
ST w ¥ 5.2 no Fines) SP Cravel ly Sands,
. S gav Little or rmo Finas
2 A
g = a . Siity Sargs
= &2 3 | Sands With SM i 3,
@ £t§ Fires Sand - STIT MixTuras
= a
Q o .t
% N tdppreciable - Clayey Sonds
2 Fines) SC Sond - Clay MIxiures
“ Inargonic STlis & Very Fine
) > o ML Saras, $11Ty or {layey Fire
v T Th Sands, Clayey Silts
@ [A = =
VI g -F irerganic Clays of Low 1o
O e ur CL Meaium Plastiaity,
N w 5@ Lear Clays
S Tole . :
v o o Oroanic Silis & Qrganio
o9 1 OL Silty Cloys of Low
gé‘_‘ Plasticity
2 ) e Sl
- i narganic $iiTts,
=g R hAH Fine 3gnd or Silty Sofls,
o . - Elastia &il+s
C = ZE
:0 [ "“E
L
- 2 —F CH Irorgonic Clays of
@ be] 3%1': High Plasticity, Fat Clays
5 Y 3%
=z 22 or C :
= gonic Clgys of Megium
) OH to High Plasticity,
Organic S1lts
: : : . Paot ond Qthar
Hignly Organic Soils PT Highly Qrganic Soiis

Visual logging of sediments entails estimating percentages of gravels, sands and fines (silt and clays).
Practice and the use of the Geotechnical Gage will increase your confidence and ability in visually

logging sediments.

Read: Visual Exam Test

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm
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Sediment Description Page 6 of 10

Read: Field Identification Guidelines

Ultimately, sediment samples may undergo grain size analysis through sieves. Graphing the cumulative
weight percent retained/passing by sieve no. or grain size will result in the sediment grain-size
distribution curve. The grain-size distribution curve is used to quantitatively classify the sediment type
(your visual identification is a qualitative classification).

Read: Grain Size Distribution Measurement

Grain Size Distribution Curve

U.8. Standard Sieve

openings in inches Standard Sieve numbers

U.s.

o OO

- o~ N
LI

N
- o o O
o0r N = o< ©o g9g3e8 88 § Hydrometer
1 | i * 1 18 L) U T 1 1 0
\ \
20 Sy N 10
N
80 NC 20
% 70 ™ -§,
'g N 30 -
& 60 RN a8
] 3
£ N 14
= 50 50 8
[ = M O
g 40 Poorly sorted 60 §
& < $
* Well sorted Che
ell so
20 \|_ N
N N 80
10 »
N <] 90
it = B 1
00 50 10 5 .1 . 0.5 1.0 0.05 0.01 0.005 0.00?0
A Grain size (mm)
| Gravel ! Sand ] )
_Coarse | Fine |[Coarse|] Medium | Eine 1 Silt or Clay l

The grain-size distribution curve is used with the USCS classification chart to classify the sediment
type. Other measures used to describe the sediment are the sorting or gradation of the sediment. As can
be seen in the above chart, a well-sorted sediment has a small range of sediment grain sizes while a
poorly sorted sediment has a large range of sediment grain sizes. In the USCS classification scheme, the
gradation of the sediment is used instead of the sorting. A well-graded sediment has a large range of
grain sizes while a poorly or uniformly graded sediment has a small range of grain sizes.

Figure 4-6. Well-graded soil.

POORLY SORTED SEDIMENT = WELL GRADED SEDIMENT

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm 5/12/2007
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(X008

Figure 4-7. Uniformly graded soil.

WELL-SORTED SEDIMENT =POORLY OR UNIFORMLY GRADED SEDIMENT

Coo e

Figure 4-8. Gap-graded soil.

After sieve analysis, the data are tabulated showing the weight of sediment retained on each sieve. The
cumulative weight retained is calculated starting from the largest sieve size and adding subsequent
sediment weights from the smaller size sieves (see table below). The percent retained is calculated from
the weight retained and the total weight of the sample. [Don't get confused by the graph - it is individual
percent retained in Column 16 and cumulative percent passing in Column 17]. The cumulative percent
passing in Column 17 of the table below is calculated by sequentially subtracting percent retained from
100 %. In table below, cumulative percent passing 1/4 inch sieve = 100 - 16 = 84; cumulative percent
passing #4 sieve = 84-5.2 = 78.8; etc.

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm 5/12/2007
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T. DATE STARTED
SIEVE ANALYSIS DATA s BEB 91
7 PROJECT 3. EXCAVATION 2. DATE COMPLETED
BRAVO AIRFIELD 1+00 28 FEB 91
: . SAMPLE NUMBER
5. SAMPLE DESCRIPTION 1A
LIGHT BROWN SANDY SOIL 3&"1‘3’5‘?“‘” "I“"' I
8 ORIGINAL SAMPLE WEIGHT 9. + 5100 SAMPLE WEIGHT 10 —4200 SAMPLE WEIGHT
2459 2359 100
"o 2, e g M WEIGHT ‘sc MULATIVE e PERCENT v PERCENT
e WS WESRED RETANED VWHERT RETAINED PASSING
SAMPLE RETAINED
1% 202
1 231
¥ 210 210 0 0 0 100.0
¥ 230 624 396 39 16.0 84.0
#4 205 332 127 521 5.2 78.8
#8 225 691 466 987 19.0 59.8
#20 215 612 397 1384 16.2 43.6
#60 235 581 346 1730 14.1 29.5
#100 250 612 362 2092 14.7 14.8
#200 260 515 255 2347 0.4 4.4
18. TOTAL WEIGHT RETAINED N SIEVES sum Cohoma 10} 19 EHROR @ 20
2347
70 WEIGHT $IEVED THROUGH # 200 tweghion 6am) - _
T 70-260 10 2459-2457 = 2
2. WASHING LO5S 119 « 160
2459-(2359+100) 0
22 TOTAL WEIGHT BASSING #200 w9« 11
10+100 110
23, 1OTAL WEIGHT OF #8ACTIONS e s 22
2457
24, REMARKS 2% ERROR (perear)
ERROR (1
::;Z{;Y—G—ZS-‘;T omcmnv_(v;’hn x 100 -
PERCENT.S _ T4.h
PERCENT-F __ 4.4 WZ x 100 = .08
26 TECHNICIAN 27 COMPUTED BY ttraiveet 28 CHECKED BY fimmetwrer
S BGL Pu2 oo GbL prz | Fad fomaas 555
DD Form 1206, DEC 86 Previous eostiony are obsolere

Figure 4-4. Data sheet, example of dry sieve analysis.

The cumulative percent passing is plotted on the grain-size distribution graph. The percentage passing
the No. 4 and 200 sieves is used to classify the sediments as gravels (G), sands (S) or fines (must use
plasiticity index to differentiate between silts and clays).

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm 5/12/2007
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Figure 4-5. Grain-size distribution curve from sieve analysis.

The grain-size distribution graph is used to read off the grain size at which 10% of the sample passed
(D10), 30% of the sample passed (D30) and 60% of the sample passed (Dso). These numbers are used to
calculate several coefficients:

Hazen's effective size, Dio, which will be used to estimate permeability

Uniformity Coefficient, Cu = Déo/D10

In the above graph,

http://www.geology .sdsu.edu/classes/geol552/seddescription.htm 5/12/2007



Sediment Description Page 10 0of 10

Dso = 2.4 mm and Do = 0.13 mm
then Cy = 2%bas = 18.5

The uniformity coefficient is used to judge gradation.

Coefficient of Curvature, Cec

c. . D30)”
¢ 7 (Dsox D10)
In the above graph,

Dap = 0.3 mm

¥
. _ 03 o,
and Ce = 5750.13) 29

In the graph below, well-graded soils (GW and SW) are long curves spanning a wide range of sizes with
a constant or gently varying slope. Uniformly graded soils (SP) are steeply sloping curves spanning a
narrow range of sizes. For a gap-graded soil (GP), the curve flattens out in the area of the grain-size
deficiency or gap.

The USCS criteria for well-graded gravels (GW) and sands (SW) are:
1. Less than 5% finer than No. 200 sieve
2. Uniformity coefficient greater than 4

3. Coefficient of curvature between 1 and 3

If Criterion 1 is met, but not Criteria 2 and 3, the gravels are gap-graded or uniform gravels (GP) or
sands (SP)

If you are interested in more information: Gradation and Bearing Capacity

http://www.geology.sdsu.edu/classes/geol552/seddescription.htm 5/12/2007



viw V-

United States Otfice of Research and o EPA/600/R-94/168b
. . Environmental Protection Development September 1994
' Agency ~ Washington DC 20460

1
EPA The Hydrologic
R Evaluation of
- Landfill Performance
(HELP) Model

Documentation for
Version 3

i
]

J} ‘Engineering
|




0.60

0.50

0.40

0.30

0.20

WATER CONTENT, VOL/VOL

0.10

0.00 =

SAND SANDY LOAM SILTY CLAY SILTY CLAY
LOAM LOAM LOAM CLAY

‘Figure 2. Relation Among Moisture Retention Parameters and Soil Texture Class

are not specified, the program assumes values near the steady-state values (allowing no
long-term change in moisture storage) and runs a year of simulation to initialize the
moisture contents closer to steady state. The soil water contents at the end of this year
. are substituted as the initial values for the simulation period. The program then runs the
complete simulation, starting again from the beginning of the first year of data. The
results of the volumetric water content initialization period are not reported in the output.

3.3.2 Unsaturated Hydraulic Conductivity

Darcy’s constant of proportionality governing flow through porous media is known
quantitatively as hydraulic conductivity or coefficient of permeability and qualitatively
as permeability. Hydraulic conductivity is a function of media properties, such as
particle size, void ratio, composition, fabric, degree of saturation, and the kinematic
viscosity of the fluid moving through the media. The HELP program uses the saturated
and unsaturated hydraulic conductivities of soil and waste layers to compute vertical
drainage, lateral drainage and soil liner percolation. The vapor diffusivity for
geomembranes is specified as a saturated hydraulic conductivity to compute leakage
through geomembranes by vapor diffusion.

13
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TABLE 1. DEFAULT LOW DENSITY SOIL CHARACTERISTICS

Soil Texture Class Tftal F%ld Wilting Saturated - A8 i
Porosity | Capacity Point Hydraulic OﬁA"“%Lf
“HELP | USDA | USCS | vol/vol vol/vol vol/vol Conductivity Qﬂg;n"f i
_ cm/sec Vol !

1 CoS SP 0.417 0.045 0.018 1.0x10?
2 S SwW 0.437 0.062 0.024 5.8x10°
3 FS SW 0.457 0.083 0.033 3.1x107
4 LS SM 0.437 0.105 0.047 1.7x10° . 332
5 LFS SM 0.457 0.131 - 0.058 1.0x10° 0.%320
6 SL SM 0.453 0.190 0.085 7.2x10¢ |0 263
7 FSL SM 0.473 0.222 0.104 5.2x10* n.28%1
8 L ML 0.463 0.232 0.116 3.7x10* 0,23\
9 si. | ML | o0s01 | o028 | 0.135 Loxio*  |o.2*
10 | scL | sc | 0398 | 0.244 0.136 12x10*  [0.154
1 1 @ | oL | oaes | o030 | 0187 | 6axio® |
12 SiCL CL 0.471 0.342 0.210 4.2x10°
13 sC SC 0.430 0.321 0.221 3.3x10°
14 SiC CH 0.479 O~.371 0.251 2.5x10°
15 c ca | 0475 | 0378 | 0.251 2.5x10°
21 G GP 0.397 0.032 0.013 3.0x107

a = constant representing the effects of various

fluid constants and gravity, 21 cm’/sec
= total porosity, vol/vol

6, = residual volumetric water content, vol/vol

s = bubbling pressure, cm

A = pbre—size distribution index, dimensionless

A more detailed explanation of Equation 11 can be found in Appendix A of the HELP

program Version 3 User’s Guide and the cited references.

19
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36 PERMEABILITY

ered that when well-graded mixtures of sand and gravel contained as little as
5% of fines (sizes smaller than a No. 200 sieve) high compactive efforts re-
duced the effective porosities nearly to zero and the permeabilities to less than
0.01% of those at moderate densities. These tests explain one of the reasons
that blends of sand and gravel often used for drains are virtuaily useless as
drainage aggregates if they contain more than insignificant amounts of fines.

In the preceding paragraphs variations in the permeability of remolded ma-
terials caused by variable compaction were discussed. Any factor that densifies
soils reduces permeability. Studies of the rate of consolidation of clay and peat
foundations are sometimes made by using initial coefficients of permeability
of compressible formations. While the consolidation process is going on in
foundations their permeabilities are becoming less. Generally, decreases in the
permeabilities of clay foundations are rather moderate, but they can be large in
highly compressible organic silts and clays and in peats. Modified calculation
methods utilizing the changing permeability are needed in the analysis of
highly compressible foundations. Some typical variations in permeability
caused by consolidation are given in Fig. 2.10, a plot of consolidation pressure
versus permeability.

; Cleanigravel i

COarselsand

01

Permeability, cm/sec
Permeability, ft/day

001
1 x10~3
1x10™

1% 1073

10 7 T §’g
Consolidation pressure, T/sq ft
FIG. 2.10 Permeability versus consolidation pressure.
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2.2 COEFFICIENT OF PERMEABILITY 25

k=2 @.2)

Darcy’s discharge velocity multiplied by the entire cross-sectional area, in-
cluding voids e and solids 1, gives the seepage quantity Q under a given hy-
draulic gradient i = Ah/Al or h/L. It is an imaginary velocity that does not
exist anywhere. The average seepage velocity v; of a mass of water progressing
through the pore spaces of a soil is equal to the discharge velocity (v, = ki)
multiplied by (1 + e)/e or the discharge velocity divided by the effective poros-
ity n; hence permeability is related to seepage velocity by the expression

k= 2

7 2.3)

For any seepage condition in the laboratory or in the field in which the
seepage quantity, the area perpendicular to the direction of flow, and the hy-
draulic gradient are known the coefficient of permeability can be calculated.
Likewise, for any situation where the seepage vzlocity is known at a point at
which the hydraulic gradient and soil porosity also are known, permeability can
be calculated.

Experimentally determined coefficients of permeability can be combined
with prescribed hydraulic gradients and discharge areas in solving practical
problems involving seepage quantities and velocities. When a coefficient of
permeability has been properly determined, it furnishes a very important fac-
tor in the analysis of seepage and in the design of drainage features for engi-
neering works.

The coefficient of permeability as used in this book and in soil mechanics

in general should be distinguished from the physicists’ coefficient of perme-

ability K, which is a more general term than the engineers’ coefficient and has
units of centimeters squared rather than a velocity; it varies with the porosity
of the soil but is independent of the viscosity and density of the fluid. The
transmissibility factor T represents the capability of an aquifer to discharge
water and is the product of permeability k and aquifer thickness ¢, -

The engineers’ coefficient, which is used in practical problems of seepage
through masses of earth and other porous media, applies only to the flow of
water and is a simplification introduced purely from the standpoint of conve-
nience. It has units of a velocity and is expressed in centimeters per second,
feet per minute, feet per day, or feet per year, depending on the habits and
personal preferences of individuals using the coefficient. In standard soil me-
chanics terminology & is expressed in centimeters per second.

Although coefficient of permeability is often considered to be a constant
for a given soil or rock, it can vary widely for a given material, depending on
a number of factors. Its absolute values depend, first of all, on the properties
of water, of which viscosity is the most important. For individual materials

Attdament O 33
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GDE Multi-Flow Page 1 of 1

Muiti-Fiow , A_Hazvent Reguest Catalog

VINZII i o

Technical Properties

Multi-Flow

Drainage Core
Product !nformation
Property T o L
Applications
Thickness, inches ASTM D-1777 1.0 *
- Flow Rate, gpn/ft* ASTM D-4716 29
Fitlings . ompressive Streng 16271 BO00
Accessories
Technical Geotextile Filter
Backfill Property : Test Method Value
Weight, oz/sq yd2 ASTM D-3778 4.0
Installation Tensile Strength, ib. ASTM D-4632 100
Drainage Guid Elongation, % ASTM D-4632 50
%ﬁ‘.‘s‘w Puncture, ib. ASTM D-4833 50
Mulien Burst, psi ASTM D-3786 200
Trapezoidal Tear, Ib. ASTM D-4533 42
Coeffecient of Perm,cm/sec  ASTM D-4491 0.1
Flow Rate, gpm/ft2 ASTM D-4491 100
Permittivity, 1/sec ASTM D-44901 1.8
A.0.S Max US Std Sieve ASTM D 4751 70
UV Stability, 500 lws., % ASTM D-4355 70
Seam Strength, Ib./ft ASTM D-4595 100
Fungus ASTM G-21 No Growth

* Horizontal Installation , gradient = 0,01, compressive force = 10 psi for 1

All values given represent minimuim average roll values

GDE Control Products, Inc. Laguna Hills, CA. 949-305-7117

GDE Muth-Flow
< hitp: www. gdccontrol. com/Holhi-Flowb. ktml> Atacment € 1,

- I PR 11 » . * QU INNN T




150 Designing with Geotextiles  Chap. 2 T Sec. 2
TABLE 2.12 RECOMMENDED REDUCTION FACTOR VALUES FOR USE IN EQ. {2.25a) 25.1
Range of Reduction Factors - :
Perha
Creep is the:
Soil Clogging Reduction Intrusion Chemical Biological )
Application and Blinding* of Voids into Voids Clogging' Clogging . cﬂ(;:rs
tt
Retaining wall filters 20t04.0 1.5t020 10to12 10to12 10t013 sile st
Underdrain filters 50to 10 1.0to 15 10to12 12to15 20to40 soils -
Erosion-control filters 20to10 10to 1.5 10to12 10t012 20t040
~ Landfill filters 5.0t010 1.51024 101012 121015 5 10 10t separ
Gravity drainage 201040 20t030  10tol2 fwaca e 12t015 and t
Pressure drainage 201030 2.0t03.0 1.0to12 11tol3 11tol3 matic
*If stone riprap or concrete blocks cover the surface of the geotextile, use either the upper values or include 0:". sc
an additional reduction factor. giver
tyalues can be higher particularly for high alkalinity groundwater.
#Values can be higher for turbidity and/or for microorganism contents greater than 5000 mg/l. 252
_ 1 Cons
Qatiow — Gune IIRF (2'25b) plac(
] avail
where thet
derh
3 anow = allowable flow rate, the s
g, = ultimate flow rate, for
RF g = reduction factor for soil clogging and blinding,
RF x = reduction factor for creep reduction of void space,
RF,y = reduction factor for adjacent materials intruding into geotextile’s void
space, )
RF ¢ = reduction factor for chemical clogging, )
RFjpc = reduction factor for biological clogging, and

[IRF = value of cumulative reduction factors.

As with Eqgs. (2.24) for strength reduction, this flow-reduction equation could also have
included additional site-specific terms, such as blocking of a portion of the geotextile’s

surface by riprap or concrete blocks.

‘ 25 DESIGNING FOR SEPARATION

:l Application areas for geotextiles used for the separation function were given in Sec

' tion 1.3.3. There are many specific applications, and it could be said, in a general sensé, §

o that geotextiles always serve a separation function. If they do not also serve this func- £

‘l tion, any other function, including the primary one, will not be served properly. :

; should not give the impression that the geotextile function of separation always plays? %

: secondary role. Many situations call for separation only, and in such cases the
tiles serve a significant and worthwhile function.

geotex-
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402 Designing with Geonets Chap. 4 Sec. 4
4.1.6 Allowable Flow Rate
As described previously, the very essence of the design-by-function concept is the es-
tablishment of an adequate factor of safety. For geonets, where flow rate is the primary y
function, this takes the following form.
]
FS = _Q_g_l_lgy_ ( 4.3)
Qreqd 1
where ]
FS = factor of safety (to handle unknown loading conditions or uncertainties Some
in the design method, etc.), given i
Qanow = allowable flow rate as obtained from laboratory testing, and inform
Greqd = required flow rate as obtained from design of the actual system. and lic
cifi
Alternatively, we could work from transmissivity to obtain the equivalent relationship. E: pa
O,10m ample:
FS = 3’“—"— (44) tion fa
reqd
where @ is the transmissivity, under definitions as above. As discussed previously, how- Exampi
ever, it is preferable to design with flow rate rather than with transmissivity because of )
nonlaminar flow conditions in geonets. a
Concerning the allowable flow rate or transmissivity value, which comes from d
hydraulic testing of the type described in Section 4.1.3, we must assess the realism of s
the test setup in contrast to the actual field system. If the test setup does not model site- s
specific conditions adequately, then adjustments to the laboratory value must be made- E
This is usually the case. Thus the laboratory-generated value is an ultimate value that
must be reduced before use in design; that is, .
’ TAE
aliow < qu FOF

One way of doing this is to ascribe reduction factors on each of the jtems not ade-

quately assessed in the laboratory test. For example, S
Latow = qm[RFm X RF¢g X RF¢c X RFBC] i:

or if all of the reduction factors are considered together. Dr
Su

1
Qattow = qult[ﬁﬁ]

where

fow rate determined using ASTM D4716 or ISO/DIS 12358 rghort
term tests between solid platens using water as the trapspEgoIL™
b under laboratory test temperatures, L

que =

ArsamesT
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1ction concept is the es-
: flow rate is the primary

(43)

ditions or uncertainties

testing, and
e actual system.

2 equivalent relationship.
(44)
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value, which comes from
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Sec. 4.1 Geonet Properties and Test Methods 403

Ganow = allowable flow rate to be used in Eq. (4.3) for final design purposes,
RF,y = reduction factor for elastic deformation, or intrusion, of the adjacent
geosynthetics into the geonet’s core space,
RF¢; = reduction factor for creep deformation of the geonet and/or adjacent
geosynthetics into the geonet’s core space,
RF ¢ = reduction factor for chemical clogging and/or precipitation of chemicals
in the geonet’s core space,
RFjp = reduction factor for biological clogging in the geonet’s core space, and
IIRF = product of all reduction factors for the site-specific conditions,

Some guidelines for the various reduction factors to be used in different situations are
given in Table 4.2. Please note that some of these values are based on relatively sparse
information. Other reduction factors, such as installation damage, temperature effects,
and liquid turbidity, could also be included. If needed, they can be included on a site-

specific basis. On the other hand, if the actual laboratory test procedure has included

the particular item, it would appear in the above formulation as a value of unity. Ex-

amples 4.2 and 4.3 illustrate the use of geonets and serve to point out that high reduc-
tion factors are warranted in critical situations,

Example 4.2

‘
What is the allowable geonet flow rate to be used in the design of a capillary break beneath
a roadway to prevent frost heave? Assume that laboratory testing was done at the proper

design load and hydraulic gradient and that this testing yielded a short-term between-
rigid-plates value of 2.5 X 10~ m?/s. .

Solution: Since better information is not known, average values from Table 4.2 are used in

Eq. (4.5).

~

TABLE 42 RECOMMENDED PRELIMINARY REDUCTION FACTOR VALUES FOR EQ. (4.5)
FOR DETERMINING ALLOWABLE FLOW RATE OR TRANSMISSIVITY OF GEONETS

Application Area RF 'IN RF cr* RFCC R-FBC
Sport fields 10t012 10to 15 1.0t012 11t013
Capillary breaks 11to13 10t012 11to15 11t01.3
Roof and plaza decks 121014 10to12 1.0t01.2 11t013
Retaining walls, seeping rock, "13to15 12t014 11tol5 10to 15
and soil slopes ’ .
Drainage blankets 13t0l15 12t014 10to1.2 10t01.2
Surface water drains for 13t015 11to14 1.0to1.2 12tol5
landfill covers
Secondary leachate collection 151020 141020 15t020 15t020
(landfills) :
Primary leachate collection 15t020 141020 15t020 15t02.0
(landfills)

*These values ate sensitive to the density of the resin used in the geonet’s manufacture. The higher

.the densi_ty, the lower the reduction factor. Creep of the covering geotextile(s) is a product-specific

1ssue.

fenwor €, %Y



Designing with Geopipes Chap.

The above formula can be readily converted to flow rate, Q, by multiplying the velocnty
by the cross-sectional area A of the pipe.

For pipelines that are either flowing full or flowing partially full, the Mannin
equation is generally used. ’

V= %R%,“S”-‘

where

V = velocity of flow (m/s),
Ry = hydraulic radius (m),
S = slope or gradient of pipeline (m/m), and
n = coefficient of roughness (see Table 7.7) (dimensionless).

Note that plastic pipe of the type discussed in this chapter, with a smooth interior, |
Manning coefficient from 0.009 to 0.010. Plastic pipe with a profiled or corrugate
rior has a Manning coefficient ranging from 0.018 to 0.025.

Egs. (7.9) and (7.10) are generally used in the form of charts or nomogr:
determine pipe sizes, flow velocity or discharge flow rates (see Figures 7.6 ar
each chart we include an example from Hwang [7], illustrated on the respecti
graphs by heavy lines. Note that both nomographs are for pipes flowing full

Example 7.1 :
A 100 m long pipe with D = 200 mm and C = 120 carries a discharge of 30}

the head loss in the pipe. (See the Hazen-Williams chart in Figure 7.6.)

Solution: Applying the conditions given to the solution chart in Figure 7.
dient is obtained.

§ = 0.0058 r/m

TABLE 7.7 VALUES OF MANNING ROUGHNESS COEFFICIENT, N, FOR REPRES
SURFACES

Type of Pipe Surface

Lucit or plastic*

‘Wood or finished concrete

Unfinished concrete, well-laid brickwork, concrete or cast iron pipe

Riveted or spiral steel pipe

Smooth, uniform earth channel

Corrugated flumes, typical canals, river free from large stones and heavy weeds
Canals and rivers with many stones and weeds

*The table does not distinguish between different types of plastic, or between '
pipes with perforations.

Source: After Fox and McDonald [9].
Koerner .11, Dcsrgwmﬁ will Qws\u)vﬂhtmg ghed, 14
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CHART 1
SOIL RETENTION CRITERIA
FOR STEADY-STATE FLOW CONDITIONS

/v .
NON-DISPERSIVE SOIL 0Ogg < 0.21 mm
(DHR < 0.5}

MORE THAN 207
CLAY

{dp<0.002 mm} | USE 3 TO 6 inches OF FINE SAND BETWEEN
; SOIL AND GEOTEXTILE, THEN DESIGN THE
i GEOTEXTILE AS A FUTER FOR THE SAND _
I (OHR > 05) 4
: /
! /
! /
t /
: /
V4
| , ,/
PLASTIC SOIL /

LESS THAN 20% r Pi>5) S

CLAY. AND MORE /

THAN 10% FINES /

(dy4>0.002 mm
AND d,5>0.075 mm)

NON-PLASTIC SOIL /
(Pt<S)

i
1
f R S

4 JsE
STABLE  Hsg 9
FROM SOIL ¢ Os< g7 50
PROPERTIES A”:k",%‘,‘{sw“ (1< Cc <31 7 s
TESTS RETENTION 93¢ Ty 930

UNSTABLE "30

Ec > 3 or Cc < |)
\  APPLICATION USE

FAVORS TANGENT
\ PERMEABILITY AT dsg=Cu

i
|

|

l

|

!

: SOIL di1o
|

|

]

H

LESS THAN 10%
FINES AND LESS

(dw >0.075 mm. AND
tho<4.8 mm)

{ip >65%)

MORE THAN 90
SRAVEL
{d.,> 4.8 mm)
NOTES
dy 1s the parlicle size of which x percent 1s smaller
7 where: digg and dg are the extremities of a straight line
Cu~y _'_02 drawn through the particle-size distribution, as directed above: and
do d'so is the midoomt of this fine.
Cc- ddyor”
dsoxdig
'o 15 the relative denisty of the soil
Pi 15 the ofasticity index of the sail
DHR 15 the goubie-hydrometer ratio of the soil
Portions oi this flow cnarl modified from Giroud 11988}
13
Source: Luettich, S.M., Giroud, J.P., and Bachus, R.C. (1991). Itinvhwend
"Geotextile Filter Design Manual". Report prepared G |
for Nicolon Corporation, Norcross, Georgia. ! / 3




42 Define the Hydranlic Gradient for the Application (i,
The hydraulic gradient will vary depending on the application of the filter.

Anticipated hydraulic gradients for various applications may be estimated using
Figure 3.

: e Minimum Allowable Geotexti ermeability (k,

er dete ing the soil hydraulic conductivity and the hydraulic gradient, the
following equation can be used to determine the minimum allowable geotextile
permeability [Giroud, 1988]:

k, > i k,

The hydraulic conductivity (permeability) of the geotextile can be calculated
from the permittivity test method ASTM D 4491; this value can often be obtained
from the manufacturer’s literature as well. The geotextile permeability is defined
as the product of the permittivity, ¥, and the geotextile thickness, t,:

1}

kg > ot

STEP 5. DETERMINE ANTI-CLOGGING REQUIREMENTS
To minimize the risk of clogging, the following criteria should be met:
¢  Use the largest opening size (Ogs) that satisfies the retention criteria.

¢ For nonwoven geotextiles, use the largest porosity available, but not less
than 30 percent.

¢  For woven geotextiles, use the largest percent open area available, but not
less than 4 percent.
Source: Luettich, S.M., Giroud, J.P., and Bachus, R.C. (1991).

"Geotextile Filter Design Manual". Report prepared
for Nicolon Corporation, Norcross, Georgia.

7
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Table 4-5

Typical Hydraulic Gradients®

DRAINAGE APPLICATION TYPICAL HYDRAULIC
GRADIENT
Standard Dewatering Trench 1.0
Vertical Wall Drain 1.5
Pavement Edge Drain 1®
Landfill LCDRS 1.5
Landfill LCRS 1.5
Landfill SWCRS 1.5
Inland Channel Protection 18
Shoreline Protection 10"
Dams 10%
Liquid Impoundments 10

NOTES:

©@ Table developed after Giroud [1988].

® Critical applications may require designing with higher gradients than
those given.
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AMOCO WASTE RELATED GEOTEXTILES

MINIMUM PHYSICAL PROPERTIES
{(Minimum Average Roll Values)

Property

Test Methad

Unit Weight

ASTM D-3776

Grah Tensile

ASTM D-4632

Grab Elongation

ASTM D-4632

Mullen Burst

ASTM D-3787

Puncture

ASTM D-4833

Trapezoid Tear

ASTM D-4533

Apparent Gpening Size

ASTM D-4751

US Sieve
Number

Permittiv

ASTM D-4481

gal/min/fi?
seg™!

Permeability

ASTM D-4401

tm/sec

Thickness

ATMB-T?

UV. Resistance

1. Fabric conditioned per ASTM-D-4355

Property

ASTM D-4355'

2. Percent of minimum grab tensile after conditioning.

Test Method

TYPICAL PHYSICAL PROPERTIES

4512

4516

Grab Tensile

ASTM D-4632

275/210

107378

5101470

Grab Elongation

ASTM D-4632

85

65

65

Mullen Burst

ASTM D-3788

575

825

Puncture

ASTM D-4833

178

20

Trapezoid Tear

ASTM D-4533

140120

185/155

Apparent Opening Size

ASTM D-4751

100/200

100+

Pormittivity

ASTM D-4491

100
1.8

70
13

Permeability

ASTM D-4491

21

28

Dimensions

ASTM B-777

PACKAGING

18

150

Roll Width

Roll Length

Gross Weight

Area

The information contained herein is furnished without charge or obligation and the reciy Sieies n T

conditions of use and handling may vary and are beyond our control we make no represent ¥ W CD a‘b(‘ C‘S g( ﬁm
accuracy or reliability of said information or the perfermance of any product. Any specifi O {

provided as information only and in no way madify, amend, enlarge or create any warra qu ,

permission or as a recommendation to infringe any patent. ) .

Amoace Fabrics and Fibers Company 900 Circle 75 Parkway, Suite 300 Atlanta, Georgi: “mm agfe

Copysight 181, Amgea Fabrics and Fibess Company E wk ‘ qt “ . l/

Cod2 £19500512;28.050:6/3
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Tddddhhhhhdehhdhhhhhhdhhdhhh kb hhhdddkddehhkhhdlhhfedhnfh Rt ddhhhhdhhwhidhk
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

Tk
v
ok
ok
ok
ek
R
k%
ded

Fekhhhdedvedhhhhhdehhhhhhddhhhhh bkl whdhhhhhhfth ke dhh el hhhhhhik
Thdhdhdhdhhhhdfedehhdedhdededededlefededfhdhhhhhhkde kbbb h b hhhhhxhhntd

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

:\HLP3\Iuc\1Iuc30.D4
:\HLP3\IucC\1uc30.D7
:\HLP3\IUC\IUC30.D13
:\HLP3\IucC\IucC30.D11
:\HLP3\IUC\SOIL-8.D10
:\HLP3\IuC\3ft-sm2.0UT

[aXaXakalals)

TIME: 11:34 DATE: 5/ 4/2007

Fehdhdddhhhhhh b hdhdidh bkl hh kbbb hhdddfd ekl hddik

TITLE:

IUC 40 feet, 10 year slime drain simulation

FThdhhhdddkhhhdhhh ki hhhdhhhhhhkkdhhdehdehhkdhhhhhhdddehded ke dedehhehkdehdieh ki

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER W
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER O

36.00  INCHES

0.4730 voL/voL

0.2220 voL/voL

0.1040 voL/voL

0.2000 voL/voL
0.520000001000E~03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1
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3FT-SM2.0UT

MATERIAL TEXTURE NUMBER 0

6.00 INCHES

0.4730 voL/voL

0.2220 voL/voL

0.1040 voL/voL

0.2220 voL/voL
0.520000001000E-03 CM/SEC

1.00 PERCENT

75.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

{L O L I | I T |

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 1.% AND
A SLOPE LENGTH OF 75. FEET.

SCS RUNOFF CURVE NUMBER = 88.80

FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 16.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 2.762 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 7.568 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.664 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 8.532 INCHES
TOTAL INITIAL WATER = 8.532 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

GRAND JUNCTION COLORADO
STATION LATITUDE = 39.07 DEGREES
MAXIMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 109
END OF GROWING SEASON (JULIAN DATE) = 293
EVAPORATIVE ZONE DEPTH = 16.0 1INCHES
AVERAGE ANNUAL WIND SPEED = 8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 60.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 36.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 36.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 57.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GRAND JUNCTION COLORADO

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC



3FT-SM2.0UT
0.64 0.54 0.75 0.71 0.76 0.44
0.47 0.91 0.70 0.87 0.63 0.58

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GRAND JUNCTION COLORADO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
25.50 33.50 41.90 51.70 62.10 72.30
78.90 75.90 67.10 54.90 39.60 28.30

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GRAND JUNCTION COLORADO
AND STATION LATITUDE = 39.07 DEGREES

Tedkhdhhhhdh kbbb deddfekhhdddhhhddefddhhdehhdhdedhhddededehfddedehdededeiedehhddk

ANNUAL TOTALS FOR YEAR 1

INCHES CU. FEET PERCENT
PRECIPITATION --—;jii— _56555?865 iaajéa—
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 6.873 24947.395 92.62
PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE 0.547 1987.206 7.38
SOIL WATER AT START OF YEAR 8.532 30971.395
SOIL WATER AT END OF YEAR 9.080 32958.598
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.002 0.00

Sk hdhuhd ek hhhhhhhfhdhhhkhnhdhdhdhhhndddhtehhhehehhddeh e hdddhhhdddehdidh

Thvehhh kbl hd kv kbt hdhhhhhhhdhfhhh kil nhddhhhdkdddid

ANNUAL TOTALS FOR YEAR 2

INCHES CU. FEET PERCENT
PRECIPITATION 9.91 35973.301 100.00
page 3
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RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 11.228 40758.055 113.30
PERC./LEAKAGE THROUGH LAYER 2 0.012633 45.857 0.13
CHANGE IN WATER STORAGE -1.331 -4830.604 -13.43
SOIL WATER AT START OF YEAR 9.080 32958.598

SOIL WATER AT END OF YEAR 7.619 27656.164

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.130 471.831 1.31
ANNUAL WATER BUDGET BALANCE 0.0000 -0.008 0.00

Gk uhhh kb hhhhhhhhhhwhhhhhhhhhhvhhdhhdhhdhdehkhhdehhhhhdehdefdehhhhddihiin®

Fedhfehhdhdhdhhfehhhhhhhhnhhhdhhhehhheddhdddefhhffdededededehde e hhhfehdfededefhdedededfdddededededioiled

ANNUAL TOTALS FOR YEAR 3

INCHES CU. FEET PERCENT
PRECIPITATION 874 '31726.203  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 8.431 30605.041 96.47
PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE 0.309 1121.151 3.53
SOIL WATER AT START OF YEAR 7.619 27656.164
SOIL WATER AT END OF YEAR 8.058 29249.146
SNOW WATER AT START OF YEAR 0.130 471.831 1.49
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.010 0.00

Fededefeefe v d kb hhhkdhhhhhhhdhhdehhhkhhhhhdhdhhhhhhhhhhh b hfhhhhdkdeddlidtis

Hhdenhfedhd bkt hhfdhhehhhhddhhhhhhdldehdefdehidedhdehhddheddededeedehdedededelhdeledededededededeiede

ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT
PRECIPITATION 8.57 31109.109 100.00
RUNOFF 0.000 0.000 0.00
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EVAPOTRANSPIRATION 8.223 29850.770 95.96
PERC./LEAKAGE THROUGH LAYER 2 0.003014 10.940 0.04
CHANGE IN WATER STORAGE 0.344 1247.404 4.01
SOIL WATER AT START OF YEAR 8.058 29249.146

SOIL WATER AT END OF YEAR 8.401 30496.551

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.004 0.00

hhhdedhh ke d kX hhhhhhhhhhhhhhhhhhhdihlhdekhhdhhhhhhhhdekdhdldhh vtk hdehhhddihiik

ehdfhhhhhhhdhhh ek dhhhhhhhfdhdehhhdekdhehhkhhhehhfhddedehdehdehdhhhfddhdhhhhhddhdhhhsd

ANNUAL TOTALS FOR YEAR 5

INCHES CU. FEET PERCENT
PRECIPITATION 1036 '37606.805  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 10.137 36797.102  97.85
PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE 0.223 809.710 2.15
SOIL WATER AT START OF YEAR 8.401 30496.551
SOIL WATER AT END OF YEAR 8.624 31306.262
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.007 0.00

ek nfh kb nhhhhhdhhhhhhthhhhdfehdedhdfkdhddhhhhhhhhhdeddhedehdedededededhehdededeedehdedhhichiid

Hhhdhfhhhhhddhhhdhddhhdhdhdhdhdhthhdhdfehodehdohdehhddhdeddehdhedeledededehdohichdehdhdedddefdedehhidhdi

ANNUAL TOTALS FOR YEAR 6

INCHES CU. FEET PERCENT
PRECIPITATION 7.78 28241.400 100.00
RUNOFF 0.000 0.000 0.00
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EVAPOTRANSPIRATION 8.167 29645.734 104.97
PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE -0.387 -1404.339 -4.97
SOIL WATER AT START OF YEAR 8.624 31306.262

SOIL WATER AT END OF YEAR 8.237 29901.922

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.005 0.00

Fedekdededehededed ke hhhddkkk bk hhdhhhhdhhhdihhhhhhddhdhhhhhdhhhhhhhhhdlhihhdhs

ddthhdhdhhhdedfhkdhhhhhhhhihhhhhhhhhkhhhhdhhdhddhhhhhdhhdehdhdhthhhhdhdedhhdhihdhhhfit

ANNUAL TOTALS FOR YEAR 7

INCHES CU. FEET PERCENT
PRECIPITATION 820 129766.002  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 7.154 25970.750  87.25
PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE 1.046 3795.249 12.75
SOIL WATER AT START OF YEAR 8.237 29901.922
SOIL WATER AT END OF YEAR 9.023 32752.676
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 0.260 944.495 3.17
ANNUAL WATER BUDGET BALANCE 0.0000 0.004 0.00

Fedhdefe ke ded kbt kb hh kbl hhhhnhhhhhhhhddhhhhklh bkl

Thddhhdhfhhhhhhhhehddhhhhdhddhhhhhhdhdhhhhhhdfhdfekhhffdhhthfdhhdehhdfhtddededetededdd

ANNUAL TOTALS FOR YEAR 8

INCHES CU. FEET PERCENT
PRECIPITATION " 7.46 127079.803  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 8.640 31362.828 115.82
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PERC./LEAKAGE THROUGH LAYER 2 0.017125 62.163 0.23
CHANGE IN WATER STORAGE -1.197 -4345.196 -16.05
SOIL WATER AT START OF YEAR 9.023 32752.676

SOIL WATER AT END OF YEAR 7.452 27050.932

SNOW WATER AT START OF YEAR 0.260 944 .495 3.49
SNOW WATER AT END OF YEAR 0.634 2301.042 8.50
ANNUAL WATER BUDGET BALANCE 0.0000 0.009 0.00

Tdedkfehdhddhhhdhhhe kit thhhhhdhhhddefhhhhdhddhddehhdedehddhdhdehdddedohdteleicht

NdkdRdhde b hhfhe kb kbRl hhhdhhhhhhhdhdhddhhhhhdhhhdehhddedddk

ANNUAL TOTALS FOR YEAR 9

INCHES CU. FEET PERCENT
PRECIPITATION 5.83 121162.902  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 6.171 22400.824  105.85
PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE -0.341 -1237.930 -5.85
SOIL WATER AT START OF YEAR 7.452 27050.932
SOIL WATER AT END OF YEAR 7.582 27522.836
SNOW WATER AT START OF YEAR 0.634 2301.042  10.87
SNOW WATER AT END OF YEAR 0.163 591.209 2.79
ANNUAL WATER BUDGET BALANCE 0.0000 0.008 0.00

Feddhhdedde kv hdhdhhhhhhhhhhhhhhhhhhhhhhkddehhhhhdhhkhhddefhhhdhhhhhdehfdhthhhdhict

Fedhfehde ke hdfhhhhhhdhhdhhhhehhhhhdhhhhhhhhhnhdhhhhfhhdhdhhhfehhhhdhhdhdhdllddiis

ANNUAL TOTALS FOR YEAR 10

INCHES CU. FEET PERCENT
PRECIPITATION 735 126680.502  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 6.669 24209.432 90.74
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PERC./LEAKAGE THROUGH LAYER 2 0.000000 0.000 0.00
CHANGE IN WATER STORAGE 0.681 2471.069 9.26
SOIL WATER AT START OF YEAR 7.582 27522 .836

SOIL WATER AT END OF YEAR 8.309 30162.926

SNOW WATER AT START OF YEAR 0.163 591.209 2.22
SNOW WATER AT END OF YEAR 0.116 422.187 1.58
ANNUAL WATER BUDGET BALANCE 0.0000 0.001 0.00

Gt d ket khh bk Rk h Nk hhhRhvhhhdhhhh bk hhhhhhhhhhhwhd kel ddhhdhhdhdlhin

Vel de R R R A DR A K hhdi kit kd kel ke hfhhhkddhdedddhfhhdhhdhkdhddhhhtdhhhdldik

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.44 0.44 0.65 0.81 0.75 0.52
0.39 1.08 0.58 1.00 0.94 0.54
STD. DEVIATIONS 0.23 0.30 0.31 0.44 0.53 0.63
0.30 0.48 0.44 0.63 0.52 0.31
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.440 0.536 0.624 0.720 0.941 1.161
0.512 0.979 0.483 0.735 0.587 0.451
STD. DEVIATIONS 0.214 0.265 0.279 0.353 0.546 0.558
0.398 0.510 0.397 0.632 0.250 0.226
PERCOLATION/LEAKAGE THROUGH LAYER 2
TOTALS 0.0000 0.0000 0.0001 0.0010 0.0009 0.0008
0.0000 0.0000 0.0000 0.0000 0.0005 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0004 0.0024 0.0020 0.0017
0.0000 0.0000 0.0000 0.0000 0.0014 0.0000

Uddehhhhddhh itttk kil bkt hnhhwhhhhhhdhhdhdhhdehddedhddeddehhhhthhdlhd

Page 8
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Tk hdhhdh bk hh kb kbbb hkhhkhhhhhhkhhhhhdhdhh bkt fdhhdhddehdhhhhhiild

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10

INCHES CU. FEET PERCENT
PRECIPITATION 8.6 ( 1.3200  29628.1  100.00
RUNOFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 8.169 ( 1.5803) 29654.79  100.090
PERCOLATION/LEAKAGE THROUGH  0.00328 ( 0.00628) 11.896  0.04015
LAYER
CHANGE IN WATER STORAGE -0.011 ( 0.7880) -38.63 -0.130
eddkhdh kit hhhdh kb hhhhd ke hhhkddlehhdhhhhhihhhkkdkhhdhdhdhddhdddhdhdhhdddh ik

d

G hddhhhhde ket dh bkl hdeh ket dddhde itk dkhddhddhdhhdhddhdhddhdhdedeh ik

PEAK DAILY VALUES FOR YEARS 1 THROUGH 10

(INCHES) (Cu. FT.)
PRECIPITATION 0.8 3121.800
RUNOFF 0.000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 2 0.002888 10.48416
SNOW WATER 0.72 2615.3926
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2313
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1040

fekdee kR h Rkt hhhhhhhhdhdhdhkdhh bk kdhhhhdhdhhddhdededdkdhdhhhdedhdehhhhlddddiiit

0

Ykt khdhdh bl b h kKl kbbb hdhd ke hdhddddhhdehddehdhhdhdhddhhh itk

FINAL WATER STORAGE AT END OF YEAR 10

LAYER (INCHES) (voL./voL)

1 7 6.9773 0.1938

2 1.3320 0.2220
SNOW WATER 0.116

TV hhhddehhhhhhh b kS dhdh kv hhhhhhhhhhhhhk el hdehddehdhhedhdehddhhd
Tkdhdwdedededed b hdhhdkhh bk hdhhhhhhhhhhhhhhdhhhd b hddhdehhd vkl
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